

























ǭ 1ǫʐȚ¶Á¶ēǗœƥ2BE apoA-I discǲĐ3Ɠəȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ5 
  ǭ 1Ǳʐʇð~ȌɅʇð~ȌɅC1E discǲĐ3ǲĐĽÁīʖʖʖʖʖʖʖ5 
  ǭ 2ǱʐPOPC-apoA-I discs2EChol3Ļʀʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ8 
  ǭ 3ǱʐǲĐĽ3ǒ1E discǲĐ3ȌɅȏǁŐ3ȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ9 
  ǭ 4Ǳʐȅĝʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ13 
ǭ 2ǫʐ18A discǲĐ3Ɠəß6ȌɅ`NgwU]3ȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ15 
  ǭ 1ǱʐPOPC-18A discǲĐ3ǲĐĽȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ16 
  ǭ 2ǱʐDiscǲĐɰ3ȌɅŤyRh^x3ȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ18 
  ǭ 3ǱʐPOPC-18A discǲĐ3ȌɅȏȡɾƟðĳ3ȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ21 
  ǭ 4ǱʐPOPC-18A discǲĐ3L[ɬʂĀ3ěĳȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ22 
  ǭ 5Ǳʐȅĝʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ24 
ǭ 3ǫʐȌɅǺő apoA-I discǲĐ3Áī2EĻʀʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ26 
  ǭ 1Ǳʐ4 ß6 37 2EPOPC apoA-I disc3ǲĳÁīʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ26 
  ǭ 2ǱʐȌɅǺő apoA-I discǲĐ3Ĺő2EĻʀʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ27 
  ǭ 3ǱʐPSPESMIê= discǲĐ3ȌɅȏȡɾƟðĳ3ȵ§ʖʖʖʖʖʖʖʖʖʖʖʖ32 
  ǭ 4ǱʐPSPESMIê= discǲĐ3L[ɬʂĀ3ěĳȵ§ʖʖʖʖʖʖʖʖʖʖʖʖ34 
  ǭ 5ǱʐPSPESMIê= discǲĐ3ȏ3ƪÑŉ3ȵ§ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ35 




 Apolipoprotein A-IʎapoA-Iʏ3ȾȦʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ40 
 ǭ 1ǫ3Ėʉũ¢ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ41 
 ǭ 2ǫ3Ėʉũ¢ʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖʖ43 







ABCA1, ATP-binding cassette transporter A1 
apoA-I, apolipoprotein A-I  
β-py-C10-HPC,1-heaxadecanoyl-2-(1-pyrenedecanoyl)-sn-glycero-3-phosphocholine  
C10dipyPC, 1,2-bis(1-pyrenedecanoyl)-sn-glycero-3-phosphocholine  
Chol, cholesterol  
dansyl PE, egg yolk dansyl phosohatidylethanolamine  
DMPC, 1,2-dimyristoyl-sn-glycero-3-phosphocholine  
DLS, dynamic light scattering  
DOPC, 1,2-dioleoyl-sn-glycero-3-phosphocholine 
DPH, 1,6-diphenyl -1,3,5-hexatriene 
DPPC, 1,2-dipalmitoyl-sn-glycero-3-phosphocholine  
FRET, fluorescence resonance energy transfer 
HDL, high-density lipoprotein ʋěĳ~u_kUɅ 
LCAT, lecitin:cholesterol acyltransferase 
Ld phase, liquid-disordered phase 
Lo phase, liquid-ordered phase 
LPR, lipid protein ratio ȌɅ_kUɅƝ 
LUV, large unilamellar vesicle  
NBD-DOPE,1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(7-nitro-2-1,3-benzoxadiazol-
4-yl) 
PL, phospholipid ~ȌɅ 
POPC, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine  
POPE, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine 
POPS, 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoserine 
Rho-DMPE, 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine-N-(Lissamine Rhodamine B 
Sulfonyl) 
Rho-DOPE , 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(Lissamine Rhodamine B 
Sulfonyl)  
Rho-DPPE, 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-(Lissamine Rhodamine B 
Sulfonyl) 








ŧ"EļËIř*-EHDLǲĐ4Ȭďŉ α-helixC1E apolipoprotein A-I















  dM]UǁHDLʎdiscʏ42ÁĐ3 apoA-IȌɅɦĥ3ìøIáDĪ'Ɠə
I/DǊ».ǚĽ 7 – 15 nm/Ɣ1ǲĐĽÁīIǢ -Eʎ7ʏ%3Ɠə4








7.8 nm3 discǲĐ 9.6 nm3 discǲĐBD?ʋʎ11ʏ;'7.8 nm3 discǲĐ
ABCA1? 4ATP-binding cassette transporter G1ʎABCG1ʏI 'CholŧÀIȝ




 ɐİdisc ǲĐ3Ɠə4ÁĐÑÌē[w{[|Iā/ -Ɣ1Ɠəzd
ţƏF-E%3Ɠə3ȸǸ2+-4ƣĕ2Ȓ*-13ǅǁ.E 
 Ƅǟǩ.4Ɣ1 discǲĐIȾȦ Ț¶Á¶ēǗœƥIǋ'Lqa2B
DdiscǲĐ3ƓəǲĐĽIÇł"EöĐIȯŸ"E/IǙǗ/ -ĖʉIȝ*'  
 ǭ 1ǫ.4ȾȦ ' discǲĐIWƹɝUveV}oM2B*-Áɸ Ȍ
ɅȚ¶qp2BDdiscǲĐ3ȌɅȏʃɢ/L[ɬʂĀ3ěĳIȵ§"E/.
ǲĐƓə3ȵ§Iȝ*' 
  ǭ 2 ǫ.4apolipoprotein 3ȌɅȏǼæʂĀzd.EȬďŉsqaf 18A
ʎAc-DWLKAFYDKVAEKLKEAF-CONH2ʏIǋ- disc ǲĐIȾȦ %3Ɠəß
6ǀŉ3ɟIapoA-I2BE discǲĐ/Ɲɍ"E/.discǲĐ3Ɠə@Ĕĕŉ
I_kUɅ®3ȨöCȅĝ ' 















Ț¶Á¶ēǗœƥ2BE apoA-I discǲĐ3Ɠəȵ§ 
 
























Ʀɮ550 nm / ƑÀƦɮ590 nmʏ2B*-ƑÀ '%3ƶÀqoKNIFigure 2
32Ǣ" 
 ʇð~ȌɅC1E discǲĐ3ăæ%3WƹɝƶÀqoKNCơ>C
FEǲĐĽ4ȾȦŹ3LPR2BC# 9.5~9.9 nm.*'ʎFigure 2Table 1ʏų.
ʇð~ȌɅ3ăæ4 9.5~9.6 nm8.8~9.0 nm7.8~7.9 nm3ÁīIǢ 'ʎFigure 3 
Table 1ʏ;'åȌɅ3 LPR=100 ß6 25 3àŇƶƬI Nondenaturing gradient gel 
electrophoresis2ƨÑ$'/GWƹɝƶÀqoKN/çƔ2ʇð~
ȌɅ2-3<ȧŮ3ǲĐĽÁīIǊ!E/ǡȺF'ʎFigure 4ʏåȌɅ3
9.5 10.0 nm3ǲĐʎDMPC, 9.5 nm, 9.9 nm; DPPC, 9.8 nm; POPC, 9.6 nm; DOPC, 9.5 nmʏ
ɰ.LPRIƝɍ"E/ʇð~ȌɅ.ȾȦ 'discǲĐ.482~95.E32Ğ 
ʇð~ȌɅ.4 74~78/1Dʇð~ȌɅ.ȾȦ 'ǲĐ3ųʋ¬IǢ 
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Figure 2. Gel filtration profiles of discs with saturated PLs. (A) Initial DPPC:apoA-I ratios of 
100:1 (), 50:1 (	), and 25:1 () and (B) initial DMPC:apoA-I ratios of 100:1 (), 50:1 
(	), and 25:1 (). The profiles were monitored using fluorescence from Rho-DPPE or 
Rho-DMPE. 
 
Figure 3. Gel filtration profiles of discs with unsaturated PLs. (A) Initial POPC:apoA-I ratios of 
100:1 (), 50:1 (	), and 25:1 () and (B) initial DOPC:apoA-I ratios of 100:1 (), 50:1 (	), 










































Table 1. Stokes Diameters and PL:apoA-I Compositions of discs
 aFrom Figure 2 and 3. bDetermined from gel filtration chromatography. cDetermined from 





Figure 4. Nondenaturing gradient gel electrophoresis analysis of discs with POPC, 
DOPC, DPPC, and DMPC. Molecular weight markers with known Stokes diameter are 
thyroglobulin (17.0 nm), ferritin (12.2 nm), catalase (10.4 nm), and BSA (7.1 nm). 
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ǭ 2ǱʐPOPC-apoA-I discs2E Chol3Ļʀ 
 
 Chol4~ȌɅIě2kbSV$ȌɅȏ3ƪÑŉIưģ$E/ǝCF
-Eʎ13ʏChol  disc ǲĐ3Ĺő2EĻʀIŸC2"E'>POPC/Chol
ƮæȏC1E discǲĐ3ȾȦIȶ<' 
  Chol4ȌɅαȏȾȦŹ2ƯÍ ǭ 1Ǳ/çƔ3ũ¢2-ǲĐ3ȾȦIȝ*'
ȾȦŹ3 POPC:apoA-IƝ4 25:1.ùĕ CholɨIĆÍ$'%3ǼƉ9.0 nm
3peak49.6 nm7ĈÓ 7.9 nm3peak47.7 nm7/H#2[oe 'ʎFigure 
5AʏŁCF'ǲĐIWƹɝUveV}oM.Áɸ %3CholêɨIĕɨ 
'/G9.6 nm3ǲĐ49:ȾȦŹ3Cholêɨ21*'32Ğ 7.7 nm3ǲĐ.
4ǵ 13 %Ǧĳ ê=/ÀƆ1*'ʎFigure 5BʏPOPCC1EȌɅȏ4 15 %
IɇECholIê=/ƪÑŉ3 liquid-orderedʎLoʏǛIĹő"E/ǝCF
-Eʎ14, 15ʏ9.6 nm3ǲĐ4LoǛ3ȌɅȏ.?Ĺőäȋ1Ɠə.E32Ğ 
%FBD?Ģ1 discǲĐ.4Ĺőäȋ1ȌɅȏƓə.E'>2ǵ 13%Ǧĳ3






Figure 5. (A) Elution profiles of POPC/Chol discs. Initial POPC:apoA-I:Chol ratio of 25:1:0 
(), 25:1:2.5 (	), 25:1:5 (), and 25:1:7.5 (). The profiles were monitored using 
fluorescence from Rho-DOPE. (B) Chol content of POPC/Chol discs. Initial and final Chol 
denote the mole fractions of Chol against total lipids (PL + Chol) in the preparation and in disc 
fractionated by gel filtration (9.6 nm, ; 7.7 nm, ), respectively. The data represent mean ± 
SD for 3 experiments. Solid line (slope = 1) represents the correspondence between the initial and 






ǭ 3ǱʐǲĐĽ3ǒ1E discǲĐ3ȌɅȏǁŐ3ȵ§ 
 
 ǭ 1Ǳß6ǭ 2Ǳ3ǼƉBDǲĐĽ2B*-ȌɅȏƓəǒ1E/ǢóF
'%.ȌɅȏƓə3ɟIŸC2"E/IǙǗ/ -2ǧʆ3Ț¶ȌɅ
qp2BEȌɅȏěĳ3ȵ§Iȝ*'ȌɅȏ»ɢʎL[ɬʂĀʏ3ěĳ3ȵ
§24 1,2-bis(1-pyrene decanoyl)-sn-glycero-3-phosphocholineʎC10dipyPCʑFigure 6(i)ʏ3
PS[vȚ¶IÆǋ 'L[ɬʂĀ3ěĳ3ŷ4C10dipyPCÁĐ3 2+3
nāIšɐ$PS[vĹőʄĳʎIe/ImʏIĆÍ$E/ǝCF-E
ʎ16, 17ʏ;'ȌɅȏȡɾʎƒŉʃɢʏ3ěĳ3ȵ§24egg yolk dansyl 






































Figure 6. Schematic representation of fluorophores in lipid membranes with different packing 
states. (A) Planar lipid membrane. (B) Loosely packed membrane. (C) Negatively curved 
membrane. (i) C10dipyPC (ii) dansyl PE 
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3-1ʐPOPC-apoA-I discs/ LUV3L[ɬʂĀ3ěĳ 
 
 åǲĐ3ȌɅȏ»ɢ3ěĳIȵ§"E'>0.1 mol%3C10dipyPCIê=POPC disc
ʎǚĽ 9.6 nm9.0 nm7.9 nmʏ/LUVʎǚĽ 120 nmʏIȾȦ 'ȾȦ 'ǲĐ4
345 nm3¶.ÏɆ$378 nm3zjvȚ¶ʎImʏ/ 478 nm3PS[vȚ¶ʎIeʏ
IƑÀ"E/.PS[vĹőʄĳʎIe/ImʏIǰÀ ' 
 ;#9.6 nm disc3 Ie/Im¬4įɾȏzd.ELUV3 Ie/Im¬BD?ʋ¬IǢ 
'ʎFigure 7ʏ3ǼƉ49.6 nm disc3?+įɾȌɅȏ2Ƅ3 apoA-I discǲ
Đ3ȁIȩ/2B*-L[ɬʂĀIě2úȂ -E'>(/ȅCFE
;'BDĢ1 discǲĐʎ9.0 nm, 7.9 nmʏ2-49.6 nm disc3 Ie/Im¬Iċ
õ*'3PS[vĹőʄĳ34~ȌɅÁĐ3L[ɬɰ3Ɉɸ
ĆÍ -E/IŎí ǲĐĽ3Ģ1 disc90kbSV3ȀįɾȌɅȏ










Figure 7. Excimer to monomer fluorescence intensity ratios (Ie/Im) of C10dipyPC in POPC 
discs and LUV. The data represent mean ± SD for 4 experiments. *P < 0.05 by unpaired 
t-test; significantly different from 9.6 nm disc. 
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3-2ʐPOPC-apoA-I discs/ LUV3ȌɅȏȡɾƟðĳ 
 
 åǲĐ3ȌɅȏȡɾ3ěĳIȵ§"E'>0.1 mol%3 dansyl PEIê=POPC discs
ʎ9.6 nm, 9.0 nm, 7.9 nmʏ/LUV3Ț¶ğïƳĕIȝ*'Figure 82Ǣ 'B2
9.6 nm disc3įýȚ¶ğïʎ<τ>ʏ¬4LUV2Ɲ8-ưģ '3ǼƉ4 discǲĐ
3ăæ%3ȁ2Ēû"EȌɅ/ apoA-I3ąǏƟ2ċżF-E/IŎí















Figure 8. Mean fluorescence lifetime < τ > of 0.1 mol% dansyl PE in POPC discs and 
LUV. The data represent mean ± SD for 4 experiments. *P < 0.05 by unpaired t-test; 







7~bU]Ɠə2ɤÃ ' 2ÁĐ3 apoA-IįɾȌɅ 2ɦĥ3ìDIreǁ2ȩ
*'Ɠə.DʎFigure 9Aʏ3Ċ3ǟǩ3zdIŪś -Eʎ21-24ʏ
3zd.4apoA-I helix 3ɮ disc ǲĐ3ìøɮIƣĕ"E'>1 ÁĐ3
apoA-I PLǵ 80ÁĐIáDø=/ȱǰFE3/4Ƅǟǩ.ŁCF' 9.5 
nm3 discǲĐ3LPR/9:ȓ -EʎTable 1ʏ 








open helical shape”I/EsuperhelixzdIţô -Eʎ28, 29ʏ%F2Ğ
 -SegrestC4LPRʒ50/ 25.3[w{[|ǼƉ2ā,-ǲĐ3?
+ȌɅȏįɾȏ.41ZfǁŽɾʎFigure 9CʏIĹő"E“twisted-belt”zd
Iţô 'ʎ30-32ʏ3zd2E apoA-I3Ĺ4 NƃǬƗŦ3 Δ1–43 apoA-I







¶/ 2-(9-anthroxy) stearic acidʎ2-ASʏ3Ț¶ğï3ƳĕB*-ŸC2 -Eʎ17ʏ
%FūȌɅȏ3ŽǄIȾ8E.FC3Ț¶qpIǋ'ųƥ4ɽĭ2ƀ
ǋ1œƛ.E/ȅCFEƄĖʉ.4POPC 2BDɐƓə3Ț¶qp/











ƉZfǁŽɾI?+/ǢóF'Ģ1 discǲĐʎ< 9.0 nmʏ4ʇð~
ȌɅʎPOPC, DOPCʏ.4ĹőF'32Ğ ʇð~ȌɅʎDPPC, DMPCʏ.4
ĹőF1*'ʎFigure 2, 3, Table 1ʏ.DPPC3W−ƬŻǛɌǥƲĳ441 
DMPC.4 24 .E/IɊ;E/FC3ȌɅȏ4ėƲ.BDě2kbS





 Ǽȿ/ -ȌɅȚ¶qpIǋ'ȌɅȏǁŐ3ȵ§2BD9.6 nm3 discǲ





(A)                      (B)                        (C) 
       
(D) 
Figure 9. Schematic representation of putative disc structures. (A) Planar bilayer, (B) 
Hinged-domain (C) Saddle surface. (D) Structure of saddle surface. Saddle surface 
(mosaic) with principal curvatures ±1/R has a zero mean curvature and a negative Gaussian 
curvature (–1/R2). At the lipid–water interface (gray), which lies apart from the minimal 







 ǭ 1ǫ2-9.0 nm3dM]UǁHDLʎdiscʏ3ȌɅȏƓəZfǁŽ
ɾ.E/ǢóF'ȾȦ2¤ǋ ' 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholineʎPOPCʏ4ȑǖŽǄ 0.Dɗĭ4įɾȌɅȏIĹő"EȌɅ
.E '*-9.0 nm3 discǲĐɃ3ŽǄI?+ȌɅȏIĹő"E'>
24apolipoprotein A-IʎapoA-Iʏ discǲĐ3ĔĕÓ2ċĚ -E/Ţ
ĝFE 
 %.Ƅǫ.4apoA-I 3zdsqaf.Ȭďŉ	 -helix ĹőȋI?+ 18A























Figure 10. Helical wheel representation of 18A.  The amphipathic helix has positively 
charged (Lys) residues near the hydrophilic-hydrophobic interface and negatively 




ǭ 1ǱʐPOPC-18A discǲĐ3ǲĐĽȵ§ 
 
  POPC-18A discǲĐ4POPC C1E large unilamellar vesicleʎLUVʏ218AI25 
.ƯÍ"E/.ȾȦ 'Disc ǲĐ3ǊőàŇ3ɛȝIzh_~V"EǙǗ.
ŭ¶3ƳĕIȝ*'ǚĽ 120 nm3LUVC%FBD?Ģ1 discǲĐǊő"
E/ŭ¶ķĳ"Eʎ35ʏ650 nm3Ʀɮ3¶ILUV2ƼĠ '/3¶ŭ
ķĳI I (0)/ 18AƯÍĿ3Źɰ t3ŭ¶ķĳ I (t)3ŹɰĈÓIFigure 112Ǣ 




ĕ '%3ǼƉPOPC:18A = 4:13zƝ.4ǚĽ 8.5 nmPOPC:18A = 2:1.4ǚ
Ľ 5.9 nm3ǲĐŁCF-E/Å*'ʎFigure 12, Table 2ʏ;'Figure 123l
]eV}xCƂàŇ3;;3r[Uʎ120 nm ~ʏ1/?ǡȺF' 
 POPC-apoA-I discǲĐ2+-?DLS2BEǲĐĽȵ§Iȝ'>XɥɖƇ
ƥ2BDLPR= 100/ 253zƝ.ȾȦ WƹɝUveV}oM2BD 9.6 
nmß6 7.9 nm3ǎÁIÁá '%FC3ǎÁI 18A discǲĐçƔ2DLS2B*-




Figure 11. Reduction in the right-angle light-scattering intensity of POPC LUVs (300 µM) 
by 18A at 25°C.  The intensity, I(t), was detected at 650 nm and normalized by the initial 
intensity before the addition of 18A (I(0)).  The POPC:18A molar ratios were set to 2:1 () 















a The data represent mean ± SD for at least 4 experiments.   b POPC:18A molar ratio.  c Not 
detectable.   d Shape of apoA-I nanodiscs suggested in the previous chapter.  e POPC:apoA-I 
molar ratio determined in the previous chapter. 
Figure 12. Size distribution histograms of POPC-18A nanodiscs by DLS at 25°C.  The 
POPC:18A molar ratios were set to 2:1 (A) and 4:1 (B).  The size was measured after the 





 DiscǲĐɰ3ȌɅ`NgwU]IŸC2"EǙǗ.0.5 mol%3 1,2-dioleoyl-sn- 
glycero-3-phosphoethanolamine-N-(7-nitro-2-1,3-benzoxadiazol-4-yl)ʎNBD-DOPEFigure 
13Aʏ/ 2.0 mol%3 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(Lissamine 
Rhodamine B Sulfonyl)ʎRho-DOPEFigure 13Bʏ.Ț¶ƕɁ ' discǲĐ/ɽƕɁ3
discǲĐIPOPC-apoA-I discʎ9.6 nm7.9 nmʏ/ POPC-18A discʎ8.5 nm5.9 nmʏ
å2+-ȾȦ ǲĐɰ3ȌɅƮæ2Ț¶ºʌPiTǥÑʎFRETʏ3ȯ
ƫIȭƳ ' 























/ 590 nm.3Ț¶ķĳI Iacceptor/ -zh_ 'NBD-DOPE/Rho-DOPE
ų3Ț¶qp.ƕɁF' discǲĐ/ɽƕɁ3 discǲĐI 1:93zƝ.Ʈæ 
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Figure 14. Lipid exchange assay by FRET.  Changes in FRET efficiency were monitored at 25°C 
after fluorescence-labeled (0.5 mol% NBD-DOPE and 2.0 mol% Rho-DOPE) and nonlabeled 
nanodiscs were mixed at a molar ratio of 1:9 with three different total POPC concentrations: 75 
(	), 150 (
), and 300 µM (). The profiles are for 8.5-nm 18A nanodiscs (A), 5.9-nm 18A 
nanodiscs (B), planar apoA-I nanodiscs (C), and saddle-shaped apoA-I nanodiscs (D).    
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 18A discǲĐ3FRETÐǄ4ɽƕɁ 18A discǲĐIŗ· 'ǚĿ2ňƷ2ưģ '
ʎFigure 14ABʏ3FRETȯƫɘĳ4 discƸĳ2Ɲ¥ -E/ŸC/1
*'ʎFigure 15ʏ3ǼƉ418A discǲĐɰ3ȌɅŤǲĐɰȟǪ2B*-Ǌ!
-E/IǢ -E/ȅCFE;'8.5 nm/ 5.9 nm3 18A discǲĐɰ.Ɲ
ɍ"E/çȌɅƸĳ.4BDǲĐŮ3Ċ 5.9 nm3 discǲĐ3ųBDɘFRET
ȯƫɘĳIǢ -E/C?ǲĐɰȟǪIǢó -E 
 ųapoA-I discǲĐ3FRETÐǄ4ɽƕɁ3 discǲĐIƮæ 'ĿȀ@1














Figure 15. Kinetic constant (k) for lipid exchange assay by FRET. k was calculated by fitting the 
decay data of 5.9-nm 18A disc (), and 8.5-nm 18A disc () in Figure 14A and B with single 
exponential function (Eq.(6)).   
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ǭ 3ǱʐPOPC-18 A discǲĐ3ȌɅȏȡɾƟðĳ3ȵ§ 
 
 POPC-18A disc ǲĐ2+-ȌɅȏȡɾ3ěĳI egg yolk dansyl phosohatidyl
ethanolamineʎdansyl PEʏ3Ț¶ğï2B*-ȵ§ 'ǭ 1ǫ.4POPC apoA-I disc
ǲĐ3 dansyl PE3Ț¶ğï 9.6 nm3ǲĐBD? 7.9 nm3ǲĐ2-ƀŎ2Ćċ
 -D7.9-nm disc3ȌɅȏZfǁŽɾI/E/.ƒŉʃɢ3ěĳŷ
"E/ǢF' 
  18A discǲĐ2+-3ƳĕǼƉIFigure 16ß6Table 32Ǣ"18A discǲĐ3
dansyl PE3Ț¶ğï4#F3ǲĐZN^.? apoA-I disc3 7.9 nm3Zfǁǲ
ĐIƀŎ2õD9.6 nm3įɾǁǲĐ/9:çǦĳ3¬IǢ 'BD18A disc
ǲĐ3ȌɅȏƓə4ǲĐĽ2ɱHC#įɾ.E/ǢóF' 
 ;'70 vol% D2OIê= buffer3ƅ×.çĖʉIĖŴ 'ǼƉD2OIê= buffer
ƅ×.4¸-3 discǲĐ2-Ț¶ğï3ĴɮǡȺF'ʎTable 3ʏF4
Ț¶qp/ H2O ɰ.3qeǥÑ2BDǊ!Eƫ¶ÐƉI D2O 2B*-č
'ǼƉ/ȅĝFEʎ36ʏ3çÐƉ4Ț¶÷ H2O 2żF-E90ʅ
ȗ/1E/CåǲĐ3D2O2BEȚ¶ğï3Ĵɮ2+-ǰÀ ' 
 %3ǼƉƒŉʃɢ3Ɵ73ɻÀĳæIȡ"ʎ1/<τ>H2O  1/<τ>D2Oʏ3¬418A 
disc2-ǲĐĽ2¦Ē$#9.6 nm3įɾǁapoA-I disc3¬/9:ȓ 'ʎTable 
3ʏ%3ų.ZfǁŽɾIǢ" 7.9 nm3 apoA-I disc43ǲĐ/Ɲ8-Ɵðĳ
4BDĢ¬/1*'3ǼƉC?18A disc3ȌɅȏ3Ɵðĳ 9.6 nm apoA-I 
disc/çǦĳ.DǲĐ3ȌɅȏƓəįɾ.E/ŢĝF' 
 
        
Figure 16. Mean fluorescence lifetime <τ> of 0.1 mol% dansyl PE in POPC nanoparticles.  
Dansyl PE in LUV, 8.5- and 5.9-nm 18A nanodiscs, and planar and saddle-shaped apoA-I 
nanodiscs was excited by pulsed excitation light passing through a HOYA U350 filter. 
Fluorescence decay was detected by using a HOYA Y48 filter at 25°C. The data represent mean ± 
SD for four experiments.   
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Table 3. Mean Fluorescence Lifetime (<τ>) of Dansyl PE in particles at 25  
 
a The data represent mean ± SD for at least three experiments. 




ǭ 4ǱʐPOPC-18A discǲĐ3L[ɬʂĀ3ěĳȵ§ 
 
 1,2-Bis(1-pyrenedecanoyl)-sn-glycero-3-phosphocholine ʎC10dipyPCʏ3PS[vȚ¶
IÆǋ - POPC-18A disc 3L[ɬʂĀ3ěĳ3ȵ§Iȝ*'ǭ 1 ǫ.4




 %3ǼƉapoA-I disc@LUV.4 Ie/Im3¬2ǲĐƸĳ¦ĒŉȪCF1*'32




ʎFigure 17AʏIƸĳ 07ĉŞ '¬Iǋ-ȵ§Iȝ*' 
 Figure 17B2ǼƉIǢ"ĉŞ2B*-ŁCF' 18A disc3 Ie/Im¬4POPC LUV3
¬/çǦĳ.E/ŸC/1*'5.9-nm 18A disc4 8.5-nm 18A discBD?
±2õ*'%FC4#F?ZfǁŽɾƓəIǢ ' 7.9 nm apoA-I3¬
Iõ*' 
 Dansyl PE2BEȌɅȏȡɾƟðĳ3ȵ§ǼƉ/£$-ȅĝ"E/POPC-18A disc
ǲĐ4ǲĐĽ2ɱHC#įɾȌɅȏƓəI?+/ȅCFE18A disc3 Ie/Im¬
įɾ apoA-I discʎ9.6 nmʏ3¬Iõ*'/4disc3ìøIȩ helix3Ɠə3ɟ





 1C10dipyPC4 0.1 mol %ʎȌɅ 1000ÁĐ2Ğ Ț¶qp 1ÁĐʏ3Ëæ
.ƯÍ -E'>õȾȦ 'ǲĐ2ê;FEC10dipyPCÁĐ41ǲĐ'D
įý 1ÁĐ.E/CÁĐɰPS[v3Ĺő4ƻȫ.EĖɷÁĐ
ɰPS[vĹőI 0.1 mol%3 1-heaxadecanoyl-2-(1-pyrenedecanoyl)-sn-glycero-3-
phosphocholineʎβ-py-C10- HPCʑpyreneā 1ÁĐ3<ʏIǋ-Ƴĕ Ie/Im 3¬







Figure 17. Excimer to monomer fluorescence intensity ratios (Ie/Im) of 0.1 mol% C10dipyPC in 
POPC nanoparticles at 25°C. (A) The lipid concentration dependence of the Ie/Im values of 
18A nanodiscs with diameters of 5.9 () and 8.5 nm (). (B) The Ie/Im values for LUV, 8.5- 
and 5.9-nm 18A nanodiscs, and planar and saddle-shaped apoA-I nanodiscs. The data 
represent mean ± SD for at least three experiments. (C) Typical fluorescence spectra of 
C10dipyPC and β-py-C10-HPC in 18A nanodiscs. Fluorescent intensity is normalized by the 
monomer intensity at 378 nm.   
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2ůÃ -E/ȅCFlecithin: cholesterol acyltransferaseʎLCATʏ3ƩŉÓ¢ǋI
?+/ǢF-Eʎ40ʏ 
 Ƅǟǩ.4POPC-18A discǲĐIȾȦ 'Figure 12.Ǣ 'B2DLS3Ǽ
ƉC4r[UʎǚĽ ǵ 120 nmʏ4ƑÀF-C#Ù3 discǲĐŁCF
-E  1C18A discǲĐ4WƹɝUveV}oM@Nondenaturing 
gradient gel electrophoresis.4ƑÀ"E/äȋ.*'F4 18A discW
3āɅ/Ǜ¢ǋ Ĕĕ.E/ǢóFE 
 NBD-DOPE/Rho-DOPEɰ3FRET2BEǲĐɰ3ȌɅŤȵ§.418A disc




1,2-dimyristoyl-sn-glycero-3-phosphocholineʎDMPCʏ apoA-I disc.4DMPC LUVBD
?ǵ 20«3ɘĳ.ȌɅŤǊ!-EƸĳ¦ĒŉȺ>CF1*'ǼƉ/
ȓ -Eʎ41ʏ 
Figure 18. Schematic representation of putative disc structures. (A) Planar apoA-I disc, 
(B)18A disc. 
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 õȺ>CF' apoA-I disc/ 18A disc.3ȌɅ`NgwU]3ɟ418A disc.
4 apoA-I disc/4ǒ1Ddisc3ìøIø=_kUɅʎsqafʏ2ȧŮ3ÂF
ǙE'>(/ŢĝFEApoA-I42Proline@Glycine2B*-ÔÂCF'
11? 4 22ƚāC1Eɚ3Ȭďŉα-helixƓə discʎ< ǚĽ 10 nmʏ3ȁ
Iì -E18A.4ȧŮ3ÁĐ2B*-ɽɚǽǗ2disc3ȁIƓő -E
 '*-18A disc3ȁ2Ēû"EȧŮ3ÂFǙȟǪ2BEȌɅŤ2Ɇö
 '/ȅĝFE18AçćIProline.Ǽæ ' 18A-Pro-18AIǋ-¢ő 'ʎÂ
FǙ3Ůģ1ʏdisc4WɺƞƨÑ.ƑÀäȋ.D18A discBD?ʋĔĕ
ŉIǢ 'ǼƉ?3/IŪś -Eʎ38, 40ʏ 
 ǭ 1ǫ.4POPC apoA-I disc3ȌɅȏ3L[ɬß6ȏȡɾ3ǁŐI 2ǧʆ3
Ț¶ƥ2BDȵ§ '9.0 nm3 apoA-I discǲĐ.4 9.6 nm3 disc/Ɲ8-
C10dipyPC3PS[vȚ¶dansyl PE3Ț¶ğï4ʋ¬IǢ 'FC
3ǼƉ4ǲĐĽ3Ģ1 apoA-I discZfǁŽɾƓə3ȌɅ 2ɦĥIĹő -
E/IǢ -DSegrestC3ÁĐÑÌēǗ[w{[|2B*-ţôF'
twist belt modelIȤEǼƉ/1*'ʎ30, 42ʏƄǫ.4çœƥ2BDPOPC 18A 
disc3ƓəIȵ§ ǚĽ 8.5 nm2-?įɾƓə.E/IǢ 'ǭ 1
ǫ2-ʇð~ȌɅDMPC3B1ùȌɅȏ.4ʋŽĸŉǄ3'>2
ZfǁŽɾIĹő.1'>9.0 nm3apoA-I discǲĐƑÀF1*'
ųɝÝ3Ăë. 18A disc.4DMPC2-?9.0 nm3ǲĐƑÀF-
E/?18 A disc3įɾȌɅȏƓəIǢó -Eʎ38, 39, 43ʏ 




ɫŽ*'horseshoe shapeIáDŁE/IǢ -Eʎ31ʏ3 apoA-I3Ƌ
ɋ1ƓəĈÓPOPC3B1}y}ǛĹőȌɅ.ZfǁŽɾ3ȌɅȏƓəIĹő
"Eɷ2ɦȨ1öĐ.E/ȰEApoA-I disc4 apoA-IÁĐ3ƓəIĈÓ$-
discǲĐIƓő"E'>ɽɚǽǗ1ǲĳÁīʎPOPC apoA-I discʐ9.6 nm9.0 nm
7.9 nmʏIǢ"18A disc.4ǲĐIƓő"Esqaf3ÁĐŮIĈÓ$E/
.įɾȌɅȏIª*';;ǲĐĽIɚǽǗ2ĈÓ$E/äȋ/1E 








ȌɅǺő apoA-I discǲĐ3Áī2EĻʀ 
 
 ǭ1ǫ2-9.0 nm31-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholineʎPOPCʏ











ǭ 1Ǳʐ4 ß6 37 2E POPC apoA-I disc3ǲĳÁī 
 
 ǭ 1ǫß6ǭ 2ǫ2-POPC apoA-I disc4 4 2-XɥɖƇƥ.ȾȦI
ĖŴ 'ȌɅ_kUɅƝʎLPRʏ= 100ß6 25.POPC/ apoA-IIƯÍ 'ăæ






 Ƅǫ.4ȾȦƲĳ discǲĐ3Áī2EĻʀ2+-Ⱦƌ 'Figure 192
4LPR = 100 ;'4 25.3POPC apoA-I discǲĐ2+-ƲĳI 4 ß6 37 
.ȾȦ 'ǼƉIǢ 'WƹɝƶÀqoKN4 disc ǲĐȾȦŹ2ƯÍ '
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(Lissamine Rhodamine B Sulfonyl)ʎRho 
DOPEʏ3Ț¶.zh_ ' 
 %3ǼƉ4 .ȾȦ 'ăæ4/ -ǚĽ 9.6 nm9.0 nm7.9 nm3ÁīIǢ
 '32Ğ ʎFigure 19Aʏ37 .4/ - 9.6 nm3ǲĐ3<ƑÀF'ʎFigure 
19Bʏ3ǼƉBDZfǁŽɾƓəI/E 9.0 nm3Ģ1 POPC discǲĐ
437 .4Ĕĕ.41/ǢóF' 
 ;'ȾȦƲĳ 37 .3LPR = 1003ƅ×2-4Kav = 03ŠɶɴǏ3n










ǭ 2ǱʐȌɅǺő apoA-I discǲĐ3Ĺő2EĻʀ 
 
 ȌɅǺő discǲĐ3Áī2EĻʀIȾƌ"EǙǗ.1-palmitoyl-2-oleoyl-sn- 
glycero-3-phosphoserineʎPOPSʏ1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine
ʎPOPEʏ;'4 egg yolk sphingomyelinʎSMʏ.POPC/ƮæȏIĹő$- 37 




WƹɝUveV}oM2BEƶÀqoKN4ǾȌɅ3 0.1 mol %3Ëæ.
Figure 19. Gel filtration profiles of discs reconstituted with POPC at different LPRs and 
temperatures. Disc particles containing 0.1 mol % Rho-DOPE were prepared at 4°C (A) or 
37°C (B) by sodium cholate dialysis and analyzed by gelfiltration chromatography on a 
Superdex 200 column eluted at room temperature. The profiles were monitored using 
fluorescence from Rho-DOPE. LPR was set to 100 (upper) or 25 (lower). The profile for LPR 
= 100 is shifted upward in each figure. The diameter sizes displayed on top of the figure were 




.Ł'ʎFigure 2122ʏRho-DOPE3Ț¶2BEƶÀqoKN2-Kav = 0 4
ƂàŇȌɅ3r[UKav = 0.3ɐ4ǚĽ 9.6 nmɐ3ċ1 discǲĐKav = 0.4
ɐ4ǚĽ 7.9 nmɐ3Ģ1 discǲĐIǢ -EDiscǲĐ3Ēû4çŹ2zh
_ ' apoA-I3 tryptophan3Ț¶Kav = 0.3ß6 0.42Àǅ -E/C?
ǡȺ.E;'Ȳĉ/ -Kav = 0.56ɐ2ƑÀF' tryptophanȚ¶Ùǂ3







 (A) POPC 
     
 (B) POPS 
     
 (C) POPE 
     
 (D) SM 










Figure 21. Gel filtration profiles of discs reconstituted at 37 °C with different lipid composition at 
LPR = 100. Disc particles containing 0.1 mol % Rho-DOPE were prepared with POPC (A), 
POPC/POPS = 8/2 (B), POPC/POPE = 5/5 (C), or POPC/SM = 7/3 (D) by sodium cholate 
dialysis and analyzed by gelfiltration chromatography. The profiles were monitored using 
fluorescence from tryptophan (upper) and Rho-DOPE (lower). The diameter sizes displayed on 
top of the figure were determined from the Kav values corresponding to the peak top of the 





      
Figure 22. Gel filtration profiles of discs reconstituted at 37 °C with different lipid composition at 
LPR = 25. Disc particles containing 0.1 mol % Rho-DOPE were prepared with POPC (A), 
POPC/POPS = 8/2 (B), POPC/POPE = 5/5 (C), or POPC/SM = 7/3 (D) by sodium cholate 
dialysis and analyzed by gelfiltration chromatography. The profiles were monitored using 
fluorescence from tryptophan (upper) and Rho-DOPE (lower). The diameter sizes displayed on 







KNCǊőƝǄIǰÀ"E/4äȋ.Eų.ǚĽ 10 nm3 discǲ
Đ4 F? 2ÁĐ3 apoA- ICƓőFE/CǊőƝǄ3ǰÀ24 tryptophan
Ț¶2BEƶÀqoKNIǋ'Figure 21223 tryptophan3Ț¶qoKN
IȪE/ discǲĐɰß6ȌɅǼæ -1 apoA-I3 peakɦ1Dæ*-E
/Cpseudo-VoigtɱŮʎGaussianɱŮ/ LorentzianɱŮ3Ǿðʏ2BD peakI
Áɸ å3ǲĐ3ɾǨIǰÀ '%3ȱǰǼƉITable 42Ǣ"POPCÙǂ3
ăæȾȦŹ3LPR 25.*-?/ - large discʎǚĽ 9.1 - 10 nmʏǊő 
small discʎǚĽ 7.4 - 8.4 nmʏ3ǛĞǗ1Ëæ4ǵ 28 %ʎ15/(39+15)ʏǦĳ.*'ʎFigure 
21A22Aʏ 
 POPC/POPS = 8/23Ëæ.ȾȦ 'ăæ¸ discǲĐ3 small disc3Ëæ4LPR 
= 25.ǵ 47 %ʎ29/(33+29)ʏ2Ćċ 'ʎTable 4ʏ;'ȌɅ/Ǽæ -1 apoA-I
3ƝǄPOPCÙǂ/Ɲɍ -ưģ"E/ŸC/1*'ʎFigure 21AB22A
BTable 4ʏF4PSɃɺȖI?+~ȌɅ.DapoA-I/ȌɅȏ3Ǜ¢ǋ
Ié$'/2Ɇö -E/ȅCFE '*-disc ǲĐĹő2ǋC
F' apoA-IÁĐĆÍ ''>2ǛĞǗ2Small disc3ËæĆÍ '/ŢĝF
E 
 POPC/POPE = 5/5 3ăæsmall disc3Ëæ4ǀ2LPR = 100.ǵ 61 %ʎ43/(28+43)ʏ
/POPCÙǂŹ2Ɲ8-ċĮ2ĆÍ$'ʎFigure 21AC22ACTable 4ʏ3
ǼƉ4PEɃ3ȑǖŽǄI?+ȌɅ.E/CɃ3ŽǄ3ȌɅȏƓəŢĕ
F-E small discIĔĕÓ '/ȅCFEȌɅ/Ǽæ -1 apoA-I
3ËæPOPCÙǂŹ/Ɲ8-ĆÍ -E/C?PS2BE small disc3Ǌő
ĆÍyRh^x/4ǒ1E/ȅĝFE 
 POPC/SM = 7/3 3Ʈæȏ.4small disc3Ëæ4LPR2BC#ǵ30%Ǧĳ/POPC
Ùǂȏ/çǦĳ.*'ʎFigure 21AD22ADTable 4ʏ;'3ȌɅǺő/
ǒ1DLPR = 1003Rho-DOPE3ƶÀqoKN2EŠɶɴǏ peak3ċĮ1
ưģǡȺF'ʎFigure 21Dʏ 
 37 .ȾȦ '¸ȌɅǺő2-4 .3ȾȦŹ2ȪCF'ɰ3ċ
ʎ8.8-9.0 nmʏ3ǲĐ4Ⱥ>CF1*'3ǼƉC3ɰ3ċ3 disc














The overlaid peaks were decomposed into 3 components, corresponding to large disc, small disc, 
and lipid-free apoA-I, by using pseudo-Voigt functions (summation of the Gaussian function 




ǭ 3ǱʐPSPESMIê= discǲĐ3ȌɅȏȡɾƟðĳ3ȵ§ 
 




ǲĐ2ê;$' egg yolk dansyl phosohatidylethanolamineʎdansyl PEʏ3Ț¶ğïIȵ
§ 'ǼƉ2+-Figure 232Ǣ"Dansyl PE4ȌɅʃɢ2Ț¶÷I?+Ț¶q
p.E/C3Ț¶ğïIȵ§"E/.ȌɅȏ3ȡɾ3ǉą2+
-ȵ§"E/äȋ/1Eʎ45, 46ʏǼƉ/ -small disc3 dansyl PE 3Ț¶
ğï4large discBD?ʋ¬IǢ 'F4ǭ 1ǫ.?Ǣ 'B2 small disc
ZfǁŽɾƓəIĹő -E'>/ȅCFE 
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 SMIê= discǲĐ2-4ǛɌǥƲĳ2-? small disc3Ǌőé 1







Figure 23. Mean fluorescence lifetime <τ> of dansyl PE in disc. Disc particles labeled with 0.2 
mol % dansyl PE were prepared with POPC, POPC/POPS = 8/2, POPC/POPE = 5/5, or 
POPC/SM = 7/3 by sodium cholate dialysis and were fractionated into larger discs (openbars) and 
smallr discs (filledbars) by gel filtration chromatography. The samples were excited by pulsed 
excitation light passing through a HOYA U350 filter and their fluorescence decay was detected 
through a HOYA Y48 filter at 37 °C. The data represent means ± SD for 3 experiments. 
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ǭ 4ǱʐPSPESMIê= discǲĐ3L[ɬʂĀ3ěĳȵ§ 
  
  ȌɅȏǺő3ǒ1E disc ǲĐ3L[ɬʂĀ3ěĳ3ɟIȵ§"E'>2
1,2-bis(1-pyrenedecanoyl)-sn-glycero-3-phosphocholine ʎC10dipyPCʏ3PS[vȚ¶I
ǋ'ȵ§Iȝ*'ʎ16, 17ʏǭ 1ǫ.Ǣ 'ǼƉ/çƔ2çȌɅǺőɰ.3 Ie/Im
¬3Ɲɍ.4ZfǁƓəōĕFEsmall disc3ųįɾȌɅȏƓəI?+ large 
discBD?õ*'ʎFigure 24ʏ 
 ǒ1EȌɅǺőɰ.3Ɲɍ2-4PEIê=/. small discǲĐ3 Ie/Im¬3
ĆÍȺ>CF'ʎFigure 24ʏF4POPEɃ3ȑǖŽǄI?+ȌɅÁĐ.E
/CȑǖŽǄ 03 POPC@ POPS/Ɲɍ -Ƀ3ŽǄI?+ȌɅȏIÐƉǗ
2kbSV$E/.E/Iȡ -E 











Figure 24. Excimer-to-monomer fluorescence intensity ratios (Ie/Im) of C10dipyPC in disc. 
Disc particles labeled with 0.1 mol % C10dipyPC were prepared with POPC, POPC/POPS = 
8/2, POPC/POPE = 5/5, or POPC/SM = 7/3 by sodium cholate dialysis and were applied to 
the gel filtration column, and dual fluorescence from larger disc (openbars) and small disc 
(filledbars) was detected at 378 nm (Im) and 478 nm (Ie) with excitation at 345nm. The data 
represent means ± SD for 3 experiments. 
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ǭ 5ǱʐPSPESMIê= discǲĐ3ȏ3ƪÑŉ3ȵ§ 
 
 µɓ 'L[ɬʂĀ3ěĳ3ȵ§ǼƉIž2ȅĝ"EǙǗ.disc ǲĐ3L[




 çȌɅǺőɰ.3Ɲɍ.4large disc3 S¬4#F3 small discBD?ʋ°é
IǢ 'ʎFigure 25ʏ3ǼƉ4small discɃ3ŽǄI?+ȌɅȏƓə3'>2
L[ɬ3ɤéŉ -E/IǢ -E 
 ǒ1EȌɅǺőɰ2-4SMIê= discǲĐſ?ʋL[ɬ3ɤéŉI
Ǣ '/CFigure 24.SMIê=ǲĐ Ie/Im¬IǢ 'Üö4ȌɅȏ3
ƪÑŉ32Ɇö -E/ȅCFE;'PEIê= discǲĐ.4small disc
ɰ.4POPCÙǂ/çǦĳ3 S¬.E32Ğ large discɰ.3Ɲɍ.4BDʋ





Figure 25. Order parameter of DPH in discs. Disc particles were prepared with POPC, 
POPC/POPS, POPC/POPE, or POPC/SM by sodium cholate dialysis and were fractionated into 
larger disc (openbars) and small disc (filledbars) by gel filtration chromatography. The samples 
were labeled with DPH and excited by pulsed excitation light passing through a polarizing prism, 
HOYA U360 filter and UV-34 filter, and their fluorescence decay was detected through a 
polarizing film, CuSO4 solution (250 mg/mL) and HOYA L42 filter, at 25°C. From the anisotropy 







Ǌő ɹ/.Eǭ 1ǫ. small disc4ȌɅȏ3L[ɬ3ěĳI
$E/çŹ2ȏȡɾ3ǔƟŉƟðIưģ$E/.ZfǁŽɾƓəI/*-
E/IǢ '3ĈÓ4PenʈÑ.E3.ZfǁŽɾƓə3Ĺő
4BDʋƲĳ.ƀŎ/1E4#/ȅCF'  1CǼƉ/ -ʋƲ.
small discĔĕ.*'ʎFigure 19ʏ3Üö24 apoA-I®3ȨöĚ -
E/ȅCFE"1H)small disc.3 apoA-I3 twist-beltƓəįɾǁǲĐŹ
3Ɠə/Ɲ8-ȑǍĳ/ŝCFE 
 WƹɝUveV}oM3ǼƉBDPOPSPOPE  POPC ÙǂŹ/Ɲ8-
small disc3ĹőIĆÍ$E/ŸC/1*'ʎFigure 2122Table 4ʏPOPS
 small disc3ĹőIĆÍ$'ǇǍ/ -2ƺȅCFE1ƺǙ4PSȌɅȏ
/ apoA-I 3Ǜ¢ǋIé$'/2ESurewicz C3ĂëBE/
phosphatidylglycerol @ PS /*'ɥŉ~ȌɅ4apoA-I 2BEȌɅäƶÓI©ɛ
$E/ŸC/1*-Eʎ48ʏF4ɃɺȖI?+ȌɅȏ/ƙɺȖI?+





 -ưģ -E/?3ȅĝIŪś -EʎTable 4ʏ2ƺǙ4POPS3Ȍ
ɅʃɢPOPCBD?ċ'>2ǀ2 small disc2EǔƟŉƟðIưģ$'
/ŝCFEʎFigure 20B23ʏ '*-POPS4 small disc3ƓəIĔĕ
Ó$-ǛĞǗ2 small disc3ÁīIĆÍ$'/ȅCFE 
 POPE2-4Ƀ3ȑǖŽǄI?+ȌɅ/ǀń small disc3Ǌő©ɛ2Ě








discIĔĕÓ$Ƀ3ŽǄI?+ small disc3ǊőI³2 '/ȅCFE 
 SMIê=ȌɅȏ.4r[UǍƆ3 peakʎKav = 0ʏċĮ2ưģ -'ʎFigure 
21DʏF4SMIêJ(/2B*-ȌɅȏÐǄȔ discĹő2¤ǋF'
/IŎí -EɝÝ3ǟǩ2-discǲĐ4ȌɅr[Uß6 apoA-I3Ʈæ
ǴBD?ƾÌēǗ2Ĕĕ.DF42 discĹő2 apoA-I3 helixêɨ3Ć
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ʇðL[ɬ.ƓőF'ùƓəIƀ ÁĐɰ3 van der WaalsĶÌIʋ>-ȌɅ
ȏ3WƬŻǛɌǥƲĳIŷ$EʎPOPCʐ-4 POPC/SM = 7/3ʐ28 ʏ
3B1ùȌɅ4P_n/PenǁŐIČ='>disc Ĺő3
ÐǄŷ '/ȅCFE 
 Ƅǫ3Ǽȿ/ -POPS/ POPE4 37 3Ʋĳƅ×.small disc3ǊőI©
ɛ"E/ŸC/1*'%3yRh^x/ -POPS .4ZfǁŽɾƓə
IĔĕÓ$'/POPE.4įɾȌɅȏƓəI?+ large discIĔĕÓ$'




        
Figure 26. Schematic diagram of the Gibbs free energy of the POPC/apoA-I disc and the 
mixture of vesicles and apoA-I molecules as described in reference 44. The disc is 
thermodynamically stabilized due to the decrease in enthalpy in response to the formation of 
helices in apoA-I, which can compensate for the unfavorable entropy of lipids closely 








ǭ 1ǫʐȚ¶Á¶ēǗœƥ2BE apoA-I discǲĐ3Ɠəȵ§ 





                            Structure of discoidal HDL 
 
                   Planar bilayer                    Saddle surface 
 
 
ǭ 2ǫʐ18A discǲĐ3Ɠəß6ȌɅ`NgwU]3ȵ§ 






                           Structure of smaller nanodisc 
         








ǭ 3ǫʐȌɅǺő apoA-I discǲĐ3Áī2EĻʀ 
  PS/PE437 3Ʋĳƅ×.small disc3ǊőI©ɛ"E/IŸC2 '
%3yRh^x4Ȇ.ǒ1DPS 4ZfǁŽɾƓəIĔĕÓ$E//?2
apoA-I3ȏǼæŉIʋ>-ĖɅǗ1 LPRIE/PE4įɾȌɅȏƓəI?+
large discIĔĕÓ$E/ small discǊő©ɛ3Ȩö.E/IȪ( '


















1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholineʎPOPCʏ Sigma-Aldrich  













Rhodamine B Sulfonyl)ʎRho-DPPEʏ 
1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine-N-(Lissamine 
Rhodamine B Sulfonyl) ʎRho-DMPEʏ 













 ApoA-I4ɂȜƬ3HDLIěĳÒɤɇɠŅƥ2BD 1.063–1.21 g/mLǎÁ.Áɸ
 ethanol : diethyl ether = 3/2 (v/v)3ƶƬ2BDȎȌ"E/.ǳȦ 'ʎ49ʏǶĳ4










p.ƕɁ"E'>C10dipyPCdansyl PE;'4 Rhodamine-PEʎPOPCȏ/ DOPC
ȏʑRho-DOPEDMPCȏʑRho-DMPEDPPCȏʑRho-DPPEʏIǾȌɅ3 0.1 mol%
3Ëæ.ƯÍ '3ȌɅαȏITris-HCl bufferʔ10 mM Tris, 150 mM NaCl, 1 mM 
EDTA, 0.01 g/mL NaN3ʎpH 7.4ʏʕ.Ɵð$dQS[Xɥge~OxʎCholateʏ
IPLʐCholate = 1:23zƝ.Ʈæ '%3ĿapoA-IIȌɅ_kUɅƝʎLPRʏ 
= 10050253zƝ.ÍźNS{r[| 'Cholêƀ discs2
-4POPC:apoA-I:Chol = 25:1:2.525:1:525:1:7.53Ëæ.ȾȦ '%FC3Ʈæ
ƿITris-HCl buffer2BD 2ŶɰɖƇ CholateIáDɶ'NS{r[|
/ɖƇŹ3Ʋĳ4POPC/DOPC4 4 DMPC4 24 DPPC4 37 .ȝ*
' 
 Large unilamellar vesicleʎLUVʏ4ȌɅαȏITris-HCl buffer.Ɵð$¿Ǽțȯ
I 5õȝ*'ĿđĽ 100 nm3oM_2ɗ"/.ȾȦ 'ǲĐĽ4ÑǗ¶





 ȾȦ ' discǲĐ4Superdex 200R}xIǋƪɘ 0.4 mL/minėƲ.ƶÀ
$'%3ƶÀqoKN4ȌɅ2ƕɁ ' rhodamineʎex/em = 550 nm/ 590 nmʏ
/ apoA-I3 tryptophanʎex/em = 285 nm/ 350 nmʏ3Ț¶IHITACHI F-2500Ț¶Á
¶¶ĳȱ2B*-ƑÀ"E/.zh_ 'discǲĐ3 LPR4 PLapoA-IƸĳ




Kav = (Ve – Vo) / (Vt – Vo)                      (1) 
 
Vo4ŠɶǨVt4R}xǨVe4ƶÀǨIǢ -EƕƵ_kUɅ24 
thyroglobulinʎ17.0 nmʏferritinʎ12.2 nmʏcatalaseʎ10.4 nmʏBSAʎ7.1 nmʏIǋ
'%3Ƒɨǿ43ĵ.CFE 
 





Nondenaturing gradient gel electrophoresisʎNDGGEʏ2BEǲĐĽ3ȵ§ 
 WƹɝUveV}oM2BDŁCF'ǼƉIǡȺ"E'>ȾȦ ' discǲ
Đ3NDGGE2BEǲĐĽƳĕIȝ*'ȾȦŹ3LPR 100/ 253 discI 4-20% 
Tris-glycine W2-Áǎ ɪƊȕƬ2-äȫÓ 'ƕƵ_kUɅ24 




ȌɅȚ¶qp2BE POPC apoA-I discs/ LUV3ȌɅȏǁŐ3ȵ§ 
 ǲĐ3ȌɅȏ»ɢ3ǁŐIȵ§"E'>0.1 mol%3 C10dipyPCIê= POPC disc
/LUVIȾȦ 'ȾȦ 'LUVß6WƹɝUveV}oM2B*-Áɸ
$'DiscǲĐI 345 nm3¶.ÏɆ$378 nm3zjvȚ¶ʎImʏ/ 478 nm3P
S[vȚ¶ʎIeʏIHITACHI F-2500Ț¶Á¶¶ĳȱ2B*-ƑÀ"E/.PS
[vĹőʄĳʎIe/ImʏIǰÀ 'Ƴĕ4 25 .ȝ*' 
 ȌɅȏʃɢ3ǁŐ4 0.1 mol%3 dansyl PEIê=POPC disc/LUV3Ț¶ğïIƳ
ĕ"E/.ȵ§ 'DiscǲĐ4WƹɝUveV}oM2B*-Áǎ"E
/.ǙǗ3ZN^3ǲĐIŁ'Ț¶ğïƳĕ24k]¶ƟǷ}q¶ƴI¯
'HORIBA NAES-550 nanosecond fluorometerIǋÏɆ®24HOYA U350 filterI




I(t) = α i ⋅ exp(−t τ i)
i=1
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< τ >= α iτ i















 ~ȌɅʎPLʏ4 POPC I¤ǋ 'ZqIȚ¶qp.ƕɁ"E'>
C10dipyPCß6 dansyl PE4ǾȌɅ3 0.1 mol%3Ëæ.NBD-DOPE4 0.5 mol%3Ë
æ.Rho-DOPE4 2.0 mol %3Ëæ.ƯÍ 'ApoA-I3DiscǲĐ3ȾȦ43Ȍ
ɅαȏITris-HCl bufferʔ10 mM Tris, 150 mM NaCl, 1 mM EDTA, 0.01 g/mL NaN3ʎpH 
7.4ʏʕ.Ɵð$dQS[Xɥge~OxʎCholateʏIPOPCʐCholate = 1:23
zƝ.Ʈæ '%3ĿapoA-IILPR = 100253zƝ.ÍźNS{
r[| '%FC3ƮæƿITris-HCl buffer2BD 4 . 2ŶɰɖƇ Cholate
IáDɶ'Large unilamellar vesicleʎLUVʏ4POPCȌɅαȏITris-HCl buffer.
Ɵð$¿ǼțȯI 5õȝ*'ĿđĽ 100 nm3oM_2ɗ"/.ȾȦ 
'ǲĐĽ4ÑǗ¶ŭƳĕ2BDǚĽǵ 120 nm21*-E/IǡȺ '
Ȭďŉsqaf18A2BEdiscǲĐ4POPC LUVʎ300 µMʏI18AIPOPC:18A=4:1
;'4 2:13Ëæ. 25 .NS{r[|"E/.ȾȦ 'DiscǲĐ3Ǌ
őàŇ3ɛȝ4 650 nm3Ʀɮ2Eŭ¶IƳĕ"E/2BDzh_~V 
%3įýǲĐĽIDynapro 99 dynamic light scattering (DLS) instrument (Protein Solutions 





  ǲĐɰ3ȌɅŤyRh^xIŸC2"EǙǗ.0.5 mol%3 NBD-DOPEß6
2.0 mol%3 Rho-DOPE2B*-Ț¶ƕɁ 'ǲĐʎdonorǲĐʏ/Ț¶ƕɁ -1
ǲĐʎacceptor ǲĐʏIȾȦ 1:9 3zƝ.Ʈæ 'Ʈæ 'ǲĐ4 460 nm




      FRET(t) = (F(t)– F(∞)) / (F(0)– F(∞))         (5) 
 
F(t)4 Iacceptor(t)/Idonor(t).ǢFEF(0)4 0.5 mol% NBD-DOPE/ 2.0 mol% Rho-DOPE.
ƕɁF'ǲĐ, F(∞)4 4 0.05 mol% NBD-DOPE and 0.2 mol% Rho-DOPE.ƕɁF
'ǲĐIǋ-ơ>'FRET(t)3ŹɰĈÓqoKNI3ĵ.oMbcMV
"E/.FRETȯƫɘĳĕŮ kIǰÀ 'ʎC4ĕŮʏ 
 




ȌɅȚ¶qp2BE discǲĐ/ LUV3ȌɅȏǁŐ3ȵ§ 
 ǲĐ3ȌɅȏ»ɢ3ǁŐIȵ§"E'>0.1 mol%3C10dipyPCIê=POPC apoA-I 
disc/POPC 18A disc POPC LUVIȾȦ 'ȾȦ 'POPC 18A discPOPC LUV
ß6WƹɝUveV}oM.Áɸ 'POPC apoA-I discI345 nm3¶.ÏɆ
$378 nm3zjvȚ¶ʎImʏ/ 478 nm3PS[vȚ¶ʎIeʏIƑÀ"E/.
PS[vĹőʄĳʎIe/ImʏIǰÀ ' 
 ȌɅȏʃɢ3ǁŐ40.1 mol%3dansyl PEIê=POPC apoA-I disc/POPC 18A disc
LUV3Ț¶ğïIƳĕ"E/.ȵ§ 'POPC apoA-I discWƹɝUveV}
oM.Áǎ 'Ț¶ğïƳĕ24k]¶ƟǷ}q¶ƴI¯' HORIBA 
NAES-550 nanosecond fluorometerIǋÏɆ®24HOYA U350 filterIƑÀ®2
4HOYA U48 filterIɗ -ƳĕIȝ*'įýȚ¶ğï<τ>4ĵʎ4ʏ2BDǰÀ 







 ~ȌɅʎPLʏ4 POPCPOPSPOPESM I¤ǋ 'ZqIȚ¶q
p.ƕɁ"E'>Rho-DOPEC10dipyPC4ǾȌɅ3 0.1 mol%3Ëæ.dansyl PE
4 0.2 mol %3Ëæ.ƯÍ '3ȌɅαȏITris-HCl bufferʔ10 mM Tris, 150 mM 
NaCl, 1 mM EDTA, 0.01 g/mL NaN3ʎpH 7.4ʏʕ.Ɵð$dQS[Xɥge~O
xʎCholateʏIPLʐCholate = 1:23zƝ.Ʈæ '%3ĿapoA-IILPR= 100
25 3zƝ.ÍåȌɅƮæȏ3ǛɌǥƲĳɐʎPOPCPOPC/POPS 4 4 
POPC/POPE4 16 POPC/SM4 28 ʏ;'4 37 2-źNS{r[|





 ȾȦ ' discǲĐ4Superdex 200R}xIǋƪɘ 0.4 mL/minėƲ.ƶÀ
$'%3ƶÀqoKN4ȌɅ2ƕɁ ' rhodamineʎex/em = 550 nm/ 590 nmʏ
/ apoA-I3 tryptophanʎex/em = 285 nm/ 350 nmʏ3Ț¶IHITACHI F-2500Ț¶Á
¶¶ĳȱ2B*-ƑÀ"E/.zh_ ';' disc3 StokesĽ4ĵʎ1ʏ.
CFEKav¬IƕƵ_kUɅ3Kav¬/Ɲɍ"E/.ơ>'ƕƵ_kUɅ2





 ǲĐ3ȌɅȏ»ɢ3ǁŐIȵ§"E'>0.1 mol%3C10dipyPCIê= discǲĐI
åȌɅƮæȏ3ǛɌǥƲĳɐ3Ʋĳ.ȾȦ 'WƹɝUveV}oM2B
*-Áɸ$'ZqI 345 nm3¶.ÏɆ$378 nm3zjvȚ¶ʎImʏ/
478 nm3PS[vȚ¶ʎIeʏIHITACHI F-2500Ț¶Á¶¶ĳȱ2B*-ƑÀ"E
/.PS[vĹőʄĳʎIe/ImʏIǰÀ ' 
 ȌɅȏʃɢ3ǁŐ4 0.2 mol%3 dansyl PEIê= discǲĐ3Ț¶ğïIƳĕ"E
/.ȵ§ 'DiscǲĐ4ǛɌǥƲĳɐ3Ʋĳ.ȾȦ WƹɝUveV}o
M2B*-Áǎ 'Ț¶ğïƳĕ24k]¶ƟǷ}q¶ƴI¯'HORIBA 
NAES-550 nanosecond fluorometerIǋÏɆ®24HOYA U350 filterIƑÀ®2
4HOYA U48 filterIɗ - 37 .ƳĕIȝ*'įýȚ¶ğï<τ>4ĵʎ4ʏ2BD
ǰÀ 'Ț¶Ƴĕ4"8- 25 .ȝ*' 
 ȌɅȏ3Q`k}y_Iȵ§"EǙǗ.DPH3Ț¶ǒųŉ3ƳĕIȝ*
'Ț¶qpIê;1 discǲĐIǛɌǥƲĳɐ.ȾȦ WƹɝUve
V}oM2B*-Áǎ 'ģɨ3DPHy_jƶƬIǾȌɅ3 0.5 mol %3Ë
æ21EB2ƯÍ 25 . 1 hrNS{r[| 'Zq3Ț¶Ƴĕ
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24HORIBA NAES-550 nanosecond fluorometerI¤ǋ HOYA U360 filter/UV 34 
filter3­¶q~^xIɗ 'ÏɆ¶IƼĠ -CuSO4ƶƬʎ250 mg/mLʏ/HOYA L42 





r(t) = Ivv (t) −GIVH (t)IVV (t) + 2GIVH (t)
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∫                        (8)
       
IHV/ IHH 4ÏɆ¶Ɵį­¶3Ź3þǚ­¶ß6Ɵį­¶IåŎí -EDPH
4ȌɅȏ.Ñ-E'>r(t) 43B2ǢFE 
 
        
€ 
r(t) = (r0 − r∞)exp(−t /φ) + r∞                 (9) 
 







     
€ 
S = (r∞ /r0)1/ 2                     (10) 
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